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INTRODUCTION

In this paper we diccuss the synthesis and properties of
blook aad alternated oopolymers as hydbrid, multiphase polymers
which are oharacterised by a high electrical oonductivity.
Coaveational Dblock oopolymer systems possess, in general,
sroperties that are close to the average "weighted™” properties of
the¢ir wvariocus Hhomopoiymer ocomponeats. The properties of the
oorrespoading random copolymers oould be gquite differeat. On the
other hand, altersmuting Jopolymers &0 not seem to exhibit any
particular propertias that are sot fouad ia the block or randoa
oopolymars. Ia our studies,; we wanted to take advantage of the
oppurtanities that occuld be oflered to the polymer scieatist by
ocopolymerisation fo. guiaing imsight iato important areas related
tc elmaotrical comduoctisa such as morphology, phase separation,
Toxynor-polr-or interfaces ani solubility. Also, copolymerisation

s tevhnologiocally rtaat for it allows wus to tailor-make
products vwith specifically desired properties. Nowever, the
atility of copolywsarisation imvolving oconjugated, rigia
ocaponeats o0ould be differeat from that of ooaveationsal polymers.
We will foocus ia this paper om the syathesis and properties of
variouc materials:

(o) Rod-ooil cystems such as pelyisopreae/polyacetylene diblook
copclyners: resosance raman aand smsll le neutron
scattering studies ocorrelated to soaductivity .

o Alternatiag ocopolymers such as poly ( lpyrroles):
electrocheaicel synthesies and characterisation,

MOD=-00IL COPOLYMER SYSTEMS

The diblock copolymers which are studied here oonsist of a
rigid, eomjugated blook (polyene or polyacetyleme) and a flexible
block such as polyisoprere. The Rateriale are synthesised via
eoerdination pelymerivation eof nocotylsne by a polymerio catalyst
formed Dby the recaction o¢f tetrabutoxytitanium with e.g.,
poly (isepreayllithium), as dsscribed earlier (1),. The
ooaduotivity measuremeats ot reom teuperature of the doped
materials showed that the electriocl properties are strongly
dependeat upon the eopolymer ocmpositioa, i.e., the rolntgvo
amount ef polyene asegments, and that ocoaduction ocours by
percolation (Pig. 1) with a throshold of approximately 16% volume



fraction of polyacetylene (2). Scanning electron microscopy gave
a very good gualitative correlation to such properties and showed
that the morphology depends quite strongly upon the composition.
In oxder to understand the conduction process in these systeas,
ve have ocarried out several studies to oharacterise chain
norpholo?'y, aggregation and/or phase separation in the various
compositions.

1) Raman Bcattering and Chain Morphologqgy

Resonance raman ncattering (RRS) of a polyacetylene sanpls
gives information about oonjugation lengths and distributions.
This technigque constitutes & Zensitive probe of the guality of a
given sample. Pulyacetylene spectra are usually characturised by
twvo main features at raman s.Lifts aroumd 1100 wn and 13%00 wa for
C~C and C=C bonds respectively. Ramas shifts, liseshapes and
intensities of these features vary with the laser sxzcitation
vavelength. Previous RRS studies (3-3) of polyascetylene ockainms
kave Dbeen marked by the absence of an interamal standard,
therefore, “*he excitation profiles and related studies done inr
the part ococuld mot be totally accurate €ue tc the imsolubility of
the samples. We report here, for the first time, true excitation
profiles of soluble polyacetyleme/polyisopreae oopolymers in
vhich the internal stamdard wsed to calibrate the intemsities of
the various peaks is that of the sclveat which ia this case is
toluene (peak at 1004 wn) (rig. 3). As for 1iamsoluble
polyacetylene, a shift ia the positions of the various peaks for
differeat excitation waveleagths is observed (Pig. 12). 1Ir
coatrast to what has gemerally beea assumed, the 1294 feature,
used im other studies 3,4) as an internal standard is iadeed
resonance enhamnsed and its profile follows that of the short
oohjugated segments. Our measurements allow fer tho first tine
quaatitative ocomparison betwveea short amd loag comjugation length
portions of the opolymer and therefore ocan De applied ¢to
polyacetylens and other ocoajugated poliymers that lack the
presence of an istersal standard. Ia our samples, Ve have a 2/)3
ratio of C=C Dbonds betweea short and long segmeants. The long
segments excitatioa profile peaks at 2.185 eV aad that of the
short segments at 2.6 eV. Based o2 the extrapolation of Xudson et
al. (¥), there are 31 O=C and 11 OsC ix the l0omg asmd short
eonjugated segneants respectively. Using eur data, the short ochain
leagth mole fractiens ia eur solubdle polyacetyleire and inmpolndble
polyasetylene films are ¢5% and 208 respectively. Our RRS results
are imterpreted ia that the microscopioc morpholegy of the solubls
eopolyner is osimilar te that eof eonveatienal polyacctylene
éoopite the preseance of pelyisoprene blooks. Also, ve asavme that
the bimodal distridbutiea wvhieh eerresponds to leag and short
segunents asseciated with these pertiens eof the polyner that are
bouad 4in ene-dinensienal erystalline (fibrils, while skorxt
conjugated osegments represeat iean iz which the ehaia must
kink or feld te accommodats the fibrile. The fiesence of moro of
these kinke im the soluble materials @¢ue to the accommodatia of
pelyioepreas blecks whish eas be thowght eof as protruding from
the fibrile, ferming a "glue”™ to bind te ether fibrile.



2) Small Angle Meutron Scattering and Aggregation

Tho materials bhave been studied as a function of tae
concentzation of polyacetylene in the copolymers for 10%, 20% and
30% polyacetylene volume fractions which are below, at and above
the percolation threshold mentioned above. To gain contrast in
the scattering, the polyavetylene blocks wvere fully cFeuterated.
This regulted in very strong scattering. The 30% s0lid sample
showed a scattering with a low Q slope asar unity indicating that
the (CD)x -crttorinq specles are in mear cylindrical form of a
radius 26.1 A. The observed differences at high Q arise because
thc indicated polyene rods are not monodisperse in diameler.
Therefore, tho evidence points to uneven rod-like structures of
about 1000 A length and 26.1 A diameter. A 30 A diameter iu found
if a fractal model ftitting program (7) is employed. The data
indicate that the micellar aggregates in the two other samples
are spherical with an increasing sise when the volums fraction of
polyacetylene increases. Aggregate sise and dimensionality in the
various cases are summarised in Table 1.

TABLS 1: [Fractal Aaalysis of polyacetviene-polyvisoprene diblock
SOROLYREIS
% (CD), rdiu- m:/ ate Dixensionality
s s s FY
20 3 800 2.4
10 2.3 120 2.6

The ocontrol of these structures is an exciting possibility uander
study, but the qualitative result of rod-like micellar texture at
30% and the easy percolation of long rods explaims the observed
oonductivity threshold: the material is thus a oconductor in a
rubbery (polyisoprene) matrix.

ALTERMATING COPOLYMERS - POLY (ARYLPYRROLES)
Our fosus has becn on nevly synthesised lyheterocycles in
vhioh the repeating uait is am arylpyrrole mojety of the general
formula showa below, for the following reasons:

/ \ Ar= THIENYL @\ R, and R,

Ar N M or ALKYL GROUPS
H FURYL Q

PHENYL@-




o The decrease in disorder by reducing the number of ccupling
sites during the electrosyntkesis, and therefore, the
decrease of the amorphous character that dominates known
polyheterocycles.

o The » system in arylpyrroles is such that their electron
density ie higher than in pyrrole. The electron
delocalisation ocauses the polymerisation to ococur easily
resulting in soluble materials necessary for studying the
singloe cabain bedavior.

o Arylpyrroles ocouid lead to oonjugated "diatomic'" polymers
vith theoretically well defined excitations.

We bhave showvn for the first time that arylpyrroles can be
polymerised electrochemically leading to alternating copolymers
(8) and -therefore oould be the first synthetic oconducting A-3
poly43r which could be used to test the theoretical predioctions
on the particle excitations: solitons or polarons in the bleached
state and polarons and/or bipolarons ia the doped (oxidiszed)
state. Their electrochemical synthesis ie performed in the same
way as for polfpyrrolo or polythiophene. Due to the eleoctron
deloocalisstion in the monomer units the polymerisation oocu:us
easier than i{n the latter two ocompouamds. In fact, an applied
potential of 0.28 V yg Ag/AgWO, 1is emough to {ir’tiate the
polymerigatioa of thieaylpyrrole or furylpyrrole at the surface
of an axode. The potentials needed for polymerising thiophene or
pyrrole are ligher. The oyolic voltammograms of thierylpyrrole
exhibit oue oxidaticn peak and a correspondimsg reduoction peak at
poteatials differeat from those of thiocphense and pyrrole
separately. Omne important feature of poly(arylpyrrele)s is their
solubility ia the organic medium ia wti~L they are prespared,
particularly TP, propylene oarbosate (PC) or acetomitrile. The
oolor of the solutioas varies with the solveat. Preliminary
studies iadicate that the moleaular weights cre higher thaa
20.000. Rowever, iow Bolecular weight fractions and large
agqregates are obtained in eaoch case. Polyser films could also be
obtained slong with the pol r solutien particularly when a
poor colvent is used. Conduotivities of fiims ia the range 1 - 10
8/om are gcanerally obtaimed. The optical absorptios speoctrum of
poly(thienylpyrrole) skows ene single peak im the visible at 2.8
oV whiok is intermediary betwsen polythiophens and polypyrrole
(Pig. 4). The optical spectra of the various synthesised
materials show peaks that correspond to polaroaic amd bipolaronmic
speciens at emercgies that depend upoa the electrolyte system used
and tde repeat unit. Optiocal akeorption sharaoteristios are sdown
ia Tabdble 2.



TABLE 2: OQptical Absorption Maxima of Poly(arylpyrrolels

Repest Unit Absorption Maxima/evV
p-T8/CH,CM --= 1.98 -——- 0.7
Thierylpyrrole
c1o‘/rc 2.6% == 1.3%5,1.% 0.65,0.8¢
rilm 2.6 2.1 1.4 0.9
Furylpyrrole
Bolution 2.67 1.85 -——- 0.65
Thicnyl 3-methylpyriole 3.0 2.1,1.8 -—— 0.87,0.658
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FIGURER CAFTIONS

rig. 1 Conductivity as a funotion of polyacetylene volume
fraotion in doped polyracetylene-polystyrene dibloock
copolymers.

rig. 23 Resonance raman spectra of & polyacetylene-polyisoprene
copolymer solution in toluene.

rig. 3: Excitation profiles o! the polyene characteristic peaks
of a polyacetylene-pu..yisoprene copolymer solution in
toluene.



rig. 4: UV-Vis. spectra of polythiophene, polypyrrole and
poly{thienylpyrrole).
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Fig. 13 Coafuctivity as a fumctioa of polyacetyleas volume
fractioa ia doped polyacetyleme-polystyreas diblock
copolymers.
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Pig. 2t Resonance raman spectra of a polyacetylene-polyisoprene
oopolymer solution in toluene.

Fig. 31 Emeitatizn prefiles of the polyeae sharacteristic peaks
of a polyacetyleas-polyiscprene ocopolymsr solution in
toluene.
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rig. 4 UV-Vis. spectra of polythiophene, polypyrrole and
poly(thienylpyrrcle).



